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35 ( 8 ) Immunomodulators extracted from bacteria, such as lipopolysaccharide (LPS), peptidoglycans, and amphipathic polymer derived from gram-positive bacteria,1) have been investigated in many laboratories. In the case of LPS, most of its activities originate from the lipid A moiety. Lipid A and various analogues have already been synthesized, and structureactivity relationships have been investigated.2) Structure-activity relationships of Nacetylmuramyl-L-alanyl-D-isoglutamine (MDP), which is the minimal structure of the bacterial cell-wall peptidoglycans required for immunoadjuvant activitiy, have also been extensively examined by using chemically modified analogues.3) On the other hand, the antitumor glucans from several fungi, such as lentinan from Lentinus edodes,4) schizophyllan (SPG) from Schizophyllum commune,5) and Krestin (PS-K) from Coriolus versicolor,6) have been applied clinically.
Previously, we have examined the immunomodulating activities of extracts from fungal fruit bodies, and found that they contained mitogens and polyclonal B cell activators, as well as antitumor polysaccharides7) From the results of purification and chemical modification studies of the mitogenic substances of the hot water extract from the fruit body of a fungus, Peziza vesiculosa, it was suggested that polypeptides having molecular weight and charge heterogeneities showed mitogenic activity.8) Antitumor glucans have also been isolated from the alkali extract of this fungus.9) Mice-Sixto 12-week-old male ICR mice were obtained from Shizuoka Agricultural Cooperative Association for Laboratory Animals, Shizuoka.
Materials and Microorganisms Six kinds of agar media (Table I) were used as production media of sclerotia. Soluble starch was purchased from Sigma Chemical Co., Ltd. Malt extract was purchased from Difco Laboratories, Detroit, Michigan, U.S.A. Agar was purchased from Wako Pure Chemical Industries, Ltd. Yeast extract and Peptone were purchased from Daigo Eiyo Kagaku Co., Ltd. Portions of about 20 ml of these media were plated into sterilized 9-cm diameter dishes. The mycelia of Sclerotinia sclerotiorum IFO 9395 was obtained from the Institute for Fermentation, Osaka, Japan (IFO), and cultured at 25 °C in our laboratory. The sclerotia produced on each agar medium were picked up after about 4 weeks of culture, and lyophilized. Grifolan NMF-5N was prepared from Grifola frondosa as described previously.") Heat-killed cells of Propionibacterium acnes C7 were kindly provided by Kowa Co., Tokyo. Escherichia coli 055 : B5 prepared by a phenol-water extraction method was purchased from Difco Laboratories, Detroit, Michigan, U.S.A. Sepharose CL-4B and diethylaminoethyl (DEAE)-Sephadex A-25 were purchased from Pharmacia Fine Chemicals.
Preparation of the Hot Water Extract of Sclerotia (TSHW) Sclerotia (5 g each) grown on six kinds of agar media were disrupted to form a suspension in water (about 200 ml), and then extracted in an autoclave (1 h). The resulting suspension was separated into the extract and the residue by centrifugation. This extraction was repeated three times. The combined extracts were dialyzed against distilled water and the non-dialyzable fraction was recovered by lyophilization.
Immunomodulating Activities Mitogenic activity,12) polyclonal B-cell activating (PBA) activity") reticuloendothelial system (RES) activation activity,14) and antitumor activity') were assessed by the methods described previously.
Chemical Analysis Carbohydrate, protein, and phosphate contents were determined by the phenol-H2SO4 method,16) Lowry-Folin method,17) and Chen, Toribara and Warner method,") respectively. Component sugars were determined by gas-liquid chromatography (GLC) as alditol acetates. Methylation analysis was performed by the method of Hakomori.19) Amino acid analysis was performed in a Hitachi L-8500 amino acid analyzer after hydrolysis in 6 N HC1 at 110 ©C for 24 h.
Results

Chemical Properties of the TSHW Grown on Six Kinds of Media
We obtained TSHW (TSHW-M, TSHW-PS, TSHW-P, TSHW-Y, TSHW-MY, TSHW-L) from six kinds of agar media. First, several quantitative and qualitative analyses were performed (Table II-1). The yield of sclerotia per 100 agar plates varied markedly. The sclerotial production was the highest on the potato-sucrose (PS) agar (26.8 g), followed by potato-dextrose (P), YpSs (Y), malt (M), Leonian-yeast extract (L), and malt-yeast extract (MY) agar media. The yield (g) from PS was 50-fold higher than that from MY. These results indicated that the production of sclerotia depends on the composition of the culture medium, and potato extract is suggested to be effective for producing sclerotia.
Sclerotia suspended in distilled water were disrupted with a homogenizer and then extracted by autoclaving. The yield (%) of the TSHW was similar in each medium (Table II activity against ICR spleen cells in a dose-dependent manner and there was little difference among preparations. However, these preparations showed little or no mitogenic activity against thymus cells. Mitogenic activity of TSHW preparations against spleen cells was comparable to that of LPS, but the thymus cell-stimulating effect was negligible as compared to that of concanavalin A (ConA, about 50-fold less). No mitogenic activity was detected from the components of the culture media (data not shown). These results suggest that every TSHW preparation contained B-cell mitogenic substances.
To elucidate the polyclonal antibody synthesis by each TSHW preparation, plaqueforming cell (PFC) response to the sheep red blood cell (SRBC) was compared with or without 500 pg of TSHW preparation in vivo. Each TSHW preparation was injected intraperitoneally into ICR mice, and 3 d later, the number of direct PFC, which represents the number of immunoglobulin M (IgM)-producing lymphocytes, was measured (Table IV) . All TSHW preparations possessed PBA activity compared with saline-injected mice. TSHW-P and -Y showed higher PBA activity than the others. The reason for these difference is not yet clear, but it is assumed that the material(s) possessing mitogenic and PBA activities showed some qualitative and/or quantitative differences depending on the culture media used. Next, we examined the RES-activating activity of each TSHW. RES activation was assessed by comparing the clearance time of carbon particles from the blood stream, and was expressed as the phagocytic index (K). Each TSHW preparation (500 ,ug) was injected i.p. at 48 h before assay. As shown in Table IV , phagocytic index was increased (p < 0 .001) by every TSHW preparation, suggesting that no significant difference was caused by the different media used.
The antitumor activity of each TSHW preparation is shown in Table V . Each TSHW preparation was injected i.p. (100, 500, and 1000 pg/mouse) into ICR mice bearing on solid form of Sarcoma 180. As a positive control, grifolan NMF-5N, which is a #-1,3-glucan branched at the C-6 of every third main chain glucosyl unit and possesses antitumor activity,'" was used. As shown in Table V , every TSHW preparation showed strong antitumor activity ( > 90%), and no significant difference was seen.
These results suggested that the TSHW preparations showed marked immunomodulating activities and that there is a little difference arising from the use of different culture media, especially in the mitogenic and PBA activities.
Fractionation of TSHW-PS
As described above, the TSHW preparations showed various immunomodulating activities. However, it is not certain whether all of these activities result from only one active substance or not. Therefore, ammonium sulfate fractionation was performed at the first step. TSHW-PS was used in this experiment because it was obtained in the highest yield. TSHW-PS (1 mg/ml) dissolved in distilled water was precipitated with stepwise increases of 20% saturation of ammonium sulfate. Each precipitate was dissolved in distilled water and then dialyzed against distilled water. The recovery, chemical composition, and mitogenic activity of each fraction are shown in Table VI . Recoveries of ppt-60 (57%) and sup-100 (17%) were higher than those of other fractions ( < 2%). From the component sugar analysis, mannan was abundant in sup-100 and ppt-60 contained a large amount of glucan. Mitogenic activity was examined in each fraction at a dose of 2 /2g/culture. The activities of fractions ppt-20 and ppt-60 were higher than that of TSHW-PS, and the activities of other fractions were weaker than that of TSHW-PS. It is suggested that the majority of the mitogenic substance(s) was recovered from ppt-60, because the yield of this fraction is the greatest and the mitogenic activity of this fraction is the strongest. The antitumor activities of ppt-60 and sup-100 were measured, but only ppt-60 showed antitumor activity (Table VII) .
To elucidate the molecular weight distribution and charge of the glucan moiety in ppt-60, gel filtration (Fig. 1) and ion-exchange chromatography (Fig. 2) were performed. Fraction ppt-60 was dissolved in 8 M urea and applied to a column of Sepharose CL-4B equilibrated with 8 M urea. As shown in Fig. 1 , most of the glucan was eluted near the void volume and showed a uniform molecular weight distribution. Further, ppt-60 dissolved in 8 M urea was applied to a column of DEAE-Sephadex A-25 (C1-) equilibrated with 8 M urea. After being washed with the same buffer, the column was eluted with a linear gradient from 0 to 1 M NaC1 containing 8 M urea. Finally, the column was eluted with 1 M NaC1 containing 8 M urea. As shown in Fig. 2 , almost all of the carbohydrate was recovered from the pass-through frac- tion. These data suggest that the glucan moiety in ppt-60 has a uniform molecular weight distribution and has no charge. In methylation analysis of ppt-60, 2,3,4,6-tetra-O-methylglucose, 2,4,6-tri-O-methylglucose and 2,4-di-O-methylglucose were detected in a molar ratio of 1.0 : 1.4 : 1.1. The configuration of the glucan should be )6 for the reasons given in the above section. These facts suggested that the TSHW contained a fl-1,3-glucan having a branch at C-6 of every other (or two in every five) main chain glucosyl unit.
Further, the mitogenic activities of the pass-through and adsorbed fractions on DEAESephadex A-25 were measured. These fractions showed no mitogenic activity, but the reason for this is not clear. It is assumed that mitogenic substance(s) might bind firmly to the DEAE function and not be eluted with 1 M NaCl. These facts suggested that most of the glucan, which is neutral and has antitumor activity, did not show mitogenic activity.
Discussion
It would be interesting to know how many materials in fungi can modulate immune systems, and why these materials show such activities. Previously, we found that the hot water extract of fungal fruit bodies possesses several immunomodulating activities. In the previous paper, we showed that the hot water extract of the sclerotia contained B-cell mitogenic, polyclonal B-cell-activating, antitumor-active, and/or reticuloendothelial-activating materials.22) However, it is not clear what factors affect the production of these materials. In this paper, we tried to clarify whether the immunomodulating materials were present in the extracts of the sclerotia in various conditions of culture. It was found that (1) the production of sclerotia was greatly influenced by the components of the media, (2) the molar ratio of Man/Glc varied from 0.2 to 0.6 and there was a high proportion of acidic amino acids, and (3) TSHW preparations showed various immunomodulating activities, and some of the activities depended on the culture media used.
The production of sclerotia was greatly influenced by the culture media, as mentioned above. Previously, Marukawa et al. precisely examined the factors affecting the sclerotia production and reported that the sclerotial formation of S. libertiana using Czapex-Dox agar medium was the highest at pH 4.0 6.0 and at 22-25 °C in darkness.1°) They also reported a correlation between the sclerotial formation and the production of sclerin, a hormone-like metabolite.m) It would be thought that, in our experiments, the productivity of some differentiation factors, like as sclerin, is affected by the culturing media.
It has been reported that carbohydrate components in the ethanol-soluble fraction of sclerotia grown in media containing various carbon sources (e.g. D-glucose, D-fructose, Dmannose, sucrose, etc.) varied. However, the component sugars of the hydrolysates of the ethanol-insoluble portion of sclerotia were not influenced by the carbon sources, and glucose is the major carbohydrate component') These facts agree, in part, with our finding that the major carbohydrate component of TSHW is glucose. However, the Man/Glc ratio varied depending on the culture media. The fact that the ammonium sulfate fractionation of TSHW-PS gave Man and Glc from different fractions suggests that the carbohydrate moiety in TSHW-PS is not composed of glucan-mannan complex but glucan and mannan individually. Thus, it is assumed that the mannan synthesis would be mainly affected by the culture media. On the other hand, methylation data indicated that branching points existed at every other main chain glucosyl unit, suggesting that the glucan structures were not affected by the culture media. Previously, Weete et al. reported the amino acid composition of the water-insoluble fraction of sclerotia of S. sclerotiorum, and suggested that Val, Asp, Glu, Ala, Leu and Ser were the major components.24) While they did not examine the amino acid composition of the hot water extracts of sclerotia of S. sclerotiorum, the major amino acids were similar to those 
